The role of the extracellular signal-regulated kinase pathway in memory encoding.
All types of memory depend on the integrated activity of various brain structures and neurotransmitter systems and involve more than one receptor, signal transduction pathway and postsynaptic mechanism. The components of the extracellular signal regulated kinases-1 and -2 (ERK1/2) signal transduction pathways are ubiquitous and well conserved protein kinases involved in relaying extracellular signals into intracellular responses, and are involved in the mechanisms of synaptic plasticity, learning and memory. ERK activation is required for the full expression of long-term potentiation (LTP), the principal cellular mechanism thought to underlie neuronal plasticity. Furthermore, ERK is activated in and is necessary for the development of several forms of memory, such as fear conditioning, conditioned taste aversion memory, spatial memory, step-down inhibitory avoidance and object recognition memory. ERK activation is secondary to neurotransmitter release and activation of the forebrain cholinergic neurons during and immediately after acquisition of an inhibitory avoidance response, revealed by increased release of acetylcholine (ACh), which in turn activates ERK in neurons located in the medial prefrontal cortex and ventral hippocampus. Increased release of ACh and ERK activation are events mechanistically related to each other, as demonstrated by the use of scopolamine, a muscarinic receptor antagonist, and by inhibitors of ERK activation, which blocked memory encoding and ERK activation. A critical function of activated ERK downstream of the increased ACh release occurring during learning is to promote cellular integration of divergent downstream effectors which may trigger different responses, depending upon which subsets of scaffolding anchors, target proteins and regulatory phosphatases are involved. The hope is that by studying how ERK is activated by different neurotransmitter systems and the ensuing downstream cellular modifications, the molecular basis of memory will be ultimately understood.